Co., Tuttlingen, Germany) after general anesthesia had been induced in the patient. Antibiotic medications were not administered routinely. In most patients, the Gaab I scope (outer diameter of sheath 6.5 mm) was used. In some children and in one patient in whom the foramen of Monro was very narrow, the Gaab II miniature scope (outer diameter of sheath 3.8 mm) was used. In 130 procedures the surgical approach was planned on the basis of MR images and in 63 interventions on the basis of CT scans. In general, the operating sheath was inserted freehand via a right coronal burr hole into the right lateral ventricle. In 14 cases, frameless neuronavigation was applied. In cases in which the ventricles were asymmetrical, the side with the larger foramen of Monro was selected. The operating sheath was affixed using two standard microsurgical self-retaining retractor arms (Leyla arms; Aesculap, Tuttlingen, Germany). The diagnostic rod-lens scope was introduced for initial inspection. The endoscope was visually navigated through the foramen of Monro into the third ventricle. The floor of the third ventricle with its mammillary bodies and infundibular recess was identified. The ideal fenestration site was selected according to the individual anatomy of the ventricle floor. In most cases, perforation of the floor was made just behind the clivus, halfway between the infundibular recess and the mammillary bodies in the midline. At the beginning of our series, the floor of the ventricle was bluntly perforated with the aid of a Fogarty or Cordis balloon catheter. Later, we used a closed biopsy forceps or a bipolar cautery rod (1.5 mm diameter) without energy. When the floor was thick or very tough, the initial perforation was performed with the aid of the bipolar cautery rod set at low energy (10 W) . Thereafter, the opening was enlarged by inflating the balloon to achieve an adequate fenestration size of 3 to 6 mm in diameter. The interpeduncular and pontine cisterns were inspected through the ventriculostomy. When a Liliequist membrane was present, it too was fenestrated. In general, no external ventricular drainage was placed. The endoscope was removed under visual guidance so that the surgeon could look for active bleeding in the puncture channel. The skin was closed in layers.
Results
A summary of patients in whom complications occurred is presented in Table 1 . Complications were documented in 23 procedures performed in 22 patients. Hyperthermia up to 40˚C without clinical or laboratory signs of meningitis was recorded during the immediate postoperative course in several patients, but this was not listed as a complication. Additionally, occurrences of tiny hemorrhages from the edge of the ventriculostomy after inflation of the balloon, weak hemorrhages from ependymal veins after insertion of the endoscopic sheath into the lateral ventricle, and superficial ependymal damage at the foramen of Monro were not considered to be complications.
In all procedures except one (99.5%), a ventriculostomy was successfully accomplished. One procedure (Procedure 13) had to be abandoned and an external ventricular drain was inserted, because severe intraventricular bleeding from an ependymal vein obscured the surgeon's view. In that case ETV was uneventfully performed 14 days later. There were two deaths (1% rate of mortality) related to the endoscopic procedure. A wound infection (culture proved staphylococcus) leading to ventriculitis-meningitis developed in one patient (Procedure 3) who died of subsequent septic multiorgan failure 4 weeks after the procedure. In another patient (Procedure 30), a severe SAH occurred after a basilar perforating artery was torn while inflating the balloon of a Fogarty catheter. Intraoperatively, the SAH ceased after prolonged irrigation. The initial postoperative course was uneventful; however, 12 hours later, the patient became comatose and displayed decerebrate rigidity. The emergency CT scan revealed an extensive perimesencephalic-peripontine SAH and progression of the patient's hydrocephalus. Despite emergency insertion of an external ventricular drain, the patient died 3 hours later. Details of this case have been published previously. 73 Three permanent deficits occurred (1.6% rate of permanent morbidity). A 65-year-old man (Procedure 9) suffered from confusion after suffering a transient herniation syndrome. Details of this case will be given later in this article. In one patient, two permanent sequelae were encountered. After the first surgery (Procedure 37), the patient experienced an oculomotor palsy that required an operation for strabismus 1 year later. Three months after the ETV, MR images demonstrated an occlusion of the ventriculostomy. Endoscopic exploration revealed that the fenestration had been closed by scarring and a repeated ETV (Procedure 40) was performed. Postoperatively, diabetes insipidus and loss of thirst were observed. Serum sodium levels higher than 160 mmol/L were found. Although the patient recovered his sense of thirst, desmopressin therapy is still in use longer than 6 years after surgery.
Transient sequelae occurred in 15 patients (7.8% rate of transient morbidity) including four cases of meningitis, three of CSF leak, two of herniation syndrome, two of confusion, two of oculomotor palsy, one case in which there was decrease of consciousness, and one case in which there was loss of thirst. Meningitis was defined as a combination of prolonged fever (Ͼ 5 days), nuchal rigidity, elevation of C-reactive protein, and CSF pleocytosis. Two of the patients in whom meningitis developed had previously received external ventricular drainage systems (Procedures 47 and 82) . The CSF cultures were positive in two cases (one case [Procedure 47] in which there was Enterococcus sp. and in another case [Procedure 66] in which there was Streptococcus sp.). Meningitis resolved rapidly in all patients who received antibiotic medications. One of these patients (Procedure 76) required shunt placement. In two unfortunate patients CSF leaks occurred and they subsequently needed shunt placement. Another CSF leak was observed in a patient with perioperative meningitis (Procedure 82). In two patients herniation syndromes were encountered, resulting in transient decreases in the level of consciousness (Procedures 9 and 20) and permanent confusion (Procedure 9). During Procedure 9 the surgeon was unaware that the tap of the outflow channel was closed and continuous irrigation led to a critical increase in ICP. In the patient who underwent Procedure 20, the outflow channel was blocked by brain tissue and again continuous irrigation led to a critical increase in ICP. In both patients impaired consciousness resolved gradually. In the patient who underwent Procedure 9, however, the confusion persisted until the man died 1 year later due to tumor progression. In two patients (Procedures 13 and 78) tumor-related confusion deteriorated temporarily after ETV. In one patient (Procedure 61) a partial oculomotor palsy with dilated pupil but intact eye movement occurred, despite correct placement of the ventriculostomy; this complication resolved rapidly. Oculomotor palsy was observed after a repeated ETV was performed in another patient (Procedure 167) in whom there was a very short distance between the mammillary bodies and the dorsum sellae. The ventriculostomy had to be placed immediately in front of the mammillary bodies close to the nerve. The palsy resolved within 4 months. We saw a decrease in the level of consciousness in a patient with IVH after an uneventful ETV. The reason for this deterioration is unknown. Loss of thirst was observed after a repeated ETV, as mentioned earlier.
Nine asymptomatic complications (4.7%) were observed. In two patients (Procedures 33 and 120), significant IVHs occurred from small ependymal veins at the foramen of Monro, while the endoscopic sheath was being inserted into the third ventricle. These hemorrhages stopped spontaneously after a few minutes of irrigation and the surgery was continued uneventfully. One contusion of the fornix was encountered in a patient (Procedure 106) in whom there was a very narrow foramen of Monro; no clinical sequela occurred in that case. Postoperative CT scans revealed subdural collections in three patients (Procedures 58, 84, and 128), a tiny thalamic contusion in one patient (Procedure 33), and a cortical hemorrhage at the puncture site in one patient (Procedure 116). No surgical intervention was required in any of these cases. Nevertheless, in two of the patients with subdural collections (Procedures 58 and 84), the ETV failed and a shunt had to be inserted. The third subdural collection occurred in a 66-year-old man in whom there was extensive ventricular dilation and a cortical mantle thickness measuring less than 1 cm. The thalamic contusion was encountered after advancement of the endo-scope despite a blurred view due to significant IVH (Procedure 33). One small cortical hematoma was observed at the puncture site in a 71-year-old man who presented with a cerebellar hemorrhage (Procedure 116). He had received anticoagulation medication before undergoing ETV for cardiac arrhythmia. In the last case in this series (Procedure 193), we saw metal dust on the ependyma, which obviously had been abraded from the trocar that was slightly stuck within the endoscopic sheath. To date, no sequela has resulted from this unexpected event. Postoperative MR imaging was performed in this case without problems, revealing multiple metal artifacts on the ventricle wall.
All lethal and permanent complications occurred within the first 20 months of our experience (Fig. 1) . The complication rate dropped significantly during the course of the study. When the complications of the entire series were compared with those of the last 100 procedures, we found a decrease in the mortality and permanent morbidity rates from 1% and 1.6% to 0% and 0%, respectively ( Table 2 ). The rate of transient complications dropped from 7.8% to 1%, respectively.
The overall clinical success rate (improvement in hydrocephalus-related symptoms while avoiding shunt placement) was 66%. The mean follow-up period was 9 months, ranging from 1 to 62 months. The highest success rate (79%) was achieved in cases in which the hydrocephalus was caused by tumors. Postoperative MR images or CT scans were obtained after 178 procedures. In 10 cases, the ventricles appeared larger (6%), in 100 cases smaller (56%), and in 68 cases unchanged (38%).
Discussion
Endoscopic third ventriculostomy has generally been accepted as the procedure of choice for the treatment of noncommunicating hydrocephalus. This procedure is considered to be simple, fast, and safe. Data from several series of patients undergoing ETV have been published; 4, 12, 18, 27, 28, 40, 65, 76 however, complications of this procedure have not been specifically addressed. In only one paper have the authors focused on complications in 173 neuroendoscopic procedures, including 55 ETVs. 79 In the patients who underwent ETVs in that series, the authors found a clinically significant complication rate of 9%. Most data of severe complications of ETV have been published as case reports. Table  3 lists the complications reported in the literature; overall complication rates range from 0 to 20%. Lethal complications or permanent deficits have rarely been reported; 17, 36, 47, 73, 76 however, there is no doubt that the complication rate of ETV is underreported. 1, 8 We are aware of several personal communications in which severe, sometimes devastating, complications have been reported. These complications consisted mainly of hemorrhages due to injuries to the BA or basilar perforating arteries. Most reports came from surgeons who had recently begun to perform endoscopic procedures. With this paper, we hope to help others avoid some of the complications that occurred in our series. Moreover, honest reporting of all complications is important for medicolegal reasons.
Injury to the BA or basilar perforating vessel remains the most dangerous, potentially life-threatening complication of ETV. 1, 8, 47, 73 One of the lethal complications that arose in our study was caused by an injury to a basilar perforating artery. The bleeding might have been avoided. The BA tip was clearly seen through the translucent floor. After reviewing the videotape of the procedure, however, it became obvious that the Fogarty catheter had slipped posteriorly while it was perforating the floor. That is why the ventriculostomy was created directly in front of the mammillary bodies, where the BA tip and perforating arteries were located. Slippage of the catheter also led to a permanent oculomotor palsy in one of our patients. With proper placement of the fenestrations, these complications might have been avoided. In the beginning of our series, we used the balloon catheter itself to perforate the floor. When the floor is firm, however, the catheter may slip to one side or the other and the correct fenestration site may be missed. 63 After our initial experiences, we changed our technique and used rigid instruments such as a closed biopsy forceps or a bipolar cautery rod without energy, to achieve the initial perforation of the floor. The correct fenestration site is crucial for a successful and uneventful ETV. We strongly stress that perforation of the floor should be made halfway between the infundibular recess and the mammillary bodies in the midline, just behind the dorsum sellae. In this way, diabetes insipidus, oculomotor palsy, and vascular injury are unlikely to occur. Of course, individual variations in anatomy must be taken into consideration. The floor may appear very different from one patient to another. In some patients, there is only a very narrow space between the clivus and the mammillary bodies or BA. In such cases the ventriculostomy must be performed immediately in front of the mammillary bodies or the BA apex. Special care must be taken to avoid vascular damage under these circumstances. Close inspection of a sagittal MR image to determine the relationship between the BA and the floor of the third ventricle is very helpful. Whether the use of microvascular Doppler probes helps avoid BA injuries remains to be determined. 69, 81 Different methods have been recommended for performing third ventriculostomy, including blunt perforation with a leukotome 31, 41 or the endoscope itself, 38, 76, 82, 83 sharp perforation with a semisharp probe, 39 inflation of the balloon catheter, 51 fenestration with a special ventriculostomy forceps, 15 perforation with an ultrasonic probe, 52 coagulation with monopolar diathermy 43, 62, 65, 81 or laser fiber diathermy. 5, 44, 80 We prefer to perform blunt perforation by using a rigid instrument and subsequent enlargement of the opening by inflating the balloon of a Fogarty catheter, as origi- ) nally proposed by Frerebeau, et al. 26 Sometimes the floor of the ventricle is thick or very tough, and its blunt perforation creates considerable tension along the floor and adjacent hypothalamus. In these cases, we use a bipolar cautery rod at low energy (maximum 10 W) to achieve the initial perforation, which is enlarged by inflating the balloon of the Fogarty catheter. Some authors have suggested that the fenestration should be 5 mm in diameter to avoid later closure; 34, 36, 76, 77 however, we observed a couple of patients in whom only fenestrations measuring approximately 3 mm could be achieved because of anatomical reasons (narrow floor). In none of these patients could a closure be detected. Thus, similar to larger openings, smaller fenestrations seem to remain patent, provided that there is flow through the ventriculostomy that keeps it open. Similar experiences have been reported by others. 15, 29 We agree that fenestration of the Liliequist membrane is important, which has been reported in the literature, 9 although some authors have sug- gested that opening of the Liliequist membrane is unnecessary. 25 Application of frameless stereotaxis in neuroendoscopy has recently been reported; 19, 21, 30, 45, 46, 50, 60, 64, 72 however, the role of image guidance in ETV remains to be determined. Based on our experience of 370 intracranial endoscopic procedures, we found that a freehand approach is adequate for most endoscopic procedures performed in hydrocephalic ventricles. The dilated ventricles provide enough space for an endoscope to be inserted freehand and for the endoscope to be maneuvered for minor position corrections. Orientation within the ventricles is generally easy because of well-known landmarks such as veins, the choroid plexus, and the foramen of Monro. In none of our 14 image-guided third ventriculostomies did we find navigation to be helpful in selecting the entry point or the intraventricular orientation. We do believe that neuronavigation adds little to the safety of the procedure, even when the floor of the third ventricle is thick or the space between the infundibular recess and the mammillary bodies is narrow. The application accuracy of image-guided systems is at best 3 mm; however, a 2-or 3-mm misplacement of the perforation site in the floor of the third ventricle may lead to devastating complications. Thus, it is crucial to use optical orientation according to anatomical landmarks, even if they are distorted. The individual relationship of the floor of the third ventricle to the BA tip can be assessed on sagittal or axial MR images and CT scans. 33 In most cases, small perforating arteries can only be identified endoscopically, after fenestration of the floor. Therefore, the correct placement of the ventriculostomy, which is determined under endoscopic view, is crucial for avoiding vascular or nerve damage. 73 We have performed several ETVs as emergency operations because of acute signs of raised ICP. In these acute cases, we usually found a thick, nontranslucent floor. Nevertheless, we performed ETV guided only by our examination of an axial CT scan, which has been accepted on its own as the preoperative study by others. 76 We never encountered any problems in these cases when the ETV was placed correctly. Therefore, we do not consider a thick, nontranslucent floor to be a contraindication for ETV. In our series of 193 ETVs, we encountered only two patients with long-standing shunted hydrocephalus, in whom all anatomical landmarks were absent except the entrance into the aqueduct. This landmark guided us to the correct fenestration site. We agree that neuronavigation is helpful in managing hydrocephalus after multiple shunt infections, especially in cases of multilocular hydrocephalus, in which severe distortion of the anatomy and lack of landmarks has to be expected.
The rate of abandoning procedures has been reported to range from 0 to 26%. The reasons for abandoning this procedure have mainly been hemorrhages, anatomical variations, and inability to perform the fenestration of the ventricle floor. 4, 12, 34, 76 In our series, only one procedure had to be abandoned because an IVH blurred the surgeon's view. This low rate of failure to achieve a ventriculostomy is attributed to the small number of infants and patients with adverse anatomical variations such as myelomeningocele or multilocular hydrocephalus after shunt infections.
The two cases of herniation syndromes occurred because the surgeons did not pay attention to the outflow of irrigation fluid. In both cases, blocked egress of the irrigation fluid (closed and obstructed outflow channel, respectively) led to a significant increase in ICP. Both patients awoke with delay. Confusion persisted in one patient until he died 1 year later of tumor progression. A herniation syndrome from overirrigation has been reported previously, underlining the need for special training before starting to use endoscopic methods. 4 Most hemorrhages encountered in our series could be controlled endoscopically. Small hemorrhages occur frequently at the margins of the ventriculostomy when the balloon of the Fogarty catheter is inflated and cease spontaneously with or even without irrigation. However, a larger bleeding vessel, such as a torn perforating artery, should be coagulated using a bipolar cautery probe. Such a vessel should be cauterized, even if the bleeding stops spontaneously, to prevent rebleeding, which occurred in one fatal case.
We observed a contusion of the fornix in a very narrow foramen of Monro because there was a disproportion between the size of the foramen and that of the endoscope used. Fortunately, these lesions are not associated with any clinical sequela.
14 This complication can be avoided by using smaller endoscopes, for example, the miniature Gaab scope (outer diameter 3.8 mm). Persistent CSF leakage from the ventriculostomy wound was a sign of treatment failure. Two of three patients with CSF leaks finally required shunt placement. One leak occurred during the course of meningitis and ceased spontaneously after antibiotic treatment. Subdural collections or hematomas are frequently observed after shunt placement, 55, 56, 68, 84 but rarely after ETV. 49 Three subdural collections were encountered in our series. Two patients turned out to be dependent on their shunts. One subdural collection occurred in a patient suffering from hydrocephalus in whom there was an extremely thin cortical mantle. None of the subdural collections in our series was symptomatic and no treatment was required.
No complications were observed in the 20 patients who presented with shunt failure or infection. Thus, previous shunting did not increase the risk of ETV, although orientation was more difficult after multiple shunt infections. In 13 (65%) of these patients, ETV was successful, resulting in shunt independence.
In six patients, reopening of a closed ventriculostomy had to be performed. Closure had been caused by scarring in three cases, by hemorrhage after microsurgical removal of a posterior fossa tumor in one case, and by persistent ventriculitis in two cases after the patients had experienced multiple shunt infections. Scarring of the ventriculostomy was observed in a patient in whom there was unfavorable anatomy of the ventricle floor. In this case the mammillary bodies and the BA apex were located immediately behind the clivus and, therefore, there was only a very narrow space in which to perform the fenestration. Endoscopic revision revealed complete closure by an arachnoid-like membrane. Reopening of the ventriculostomy resulted in a transient oculomotor palsy due to the intermammillary extension of the fenestration. A second closure by scarring occurred because the initial ventriculostomy was small and a thick arachnoid membrane, which covered the whole brainstem, was not fenestrated. A third scarring of the ventriculostomy was observed in a patient in whom the floor was thick and the fenestration had been placed too far posteriorly and laterally, immediately in front of the left mammillary body. Reopening close to the infundibular recess resulted in permanent diabetes insipidus and transient loss of thirst. Thus, repeated ETV was associated with a significantly increased risk in our series. Nevertheless, in our opinion, repeated ETV is indicated in all symptomatic patients in whom there is closure of the ventriculostomy, unless the primary endoscopy indicated a low chance of success because of signs of previous severe hemorrhage or inflammation with a thick rubberlike floor or multiple fibrotic arachnoid membranes in the interpeduncular and/or prepontine cistern. Patency of the ventriculostomy should be checked with T 2 -weighted sagittal turbo inversion-recovery spinecho MR imaging (TE 4300 msec, TE 60 msec, slice thickness 2 mm) and cine phase-contrast MR imaging. 71 If the repeated procedure turns out to be dangerous because of unfavorable anatomical conditions, one should not hesitate to abandon the intervention and to insert a shunt. In the repeated ETV procedures, we try to make the fenestrations as large as possible. Often, we use biopsy forceps for removal of tissue from the edge of the ventriculostomy to enlarge the opening and to prevent reclosure.
The time distribution of complications underlines the steep learning curve associated with this procedure. Of course, each neurosurgeon did not experience a steep learning curve because we work together as a team in our department. Each surgeon learned from the mistakes of colleagues. Nevertheless, we experienced a steep learning curve as a team. All fatal complications and permanent neurological deficits occurred within the initial period of our series. A comparison between the procedures of the entire series with the last 100 procedures reveals a marked decrease in the rate of complications. The overall complication rate in the more recent 100 procedures was 6%, of which five complications were asymptomatic, that is, not recognized by the patients. Only one transient complication was encountered. This complication rate corresponds well with those reported for larger series of ETV. 12, 34, 65, 76 The overall success rate in our series was 66%, which corresponds to rates reported in the literature. Some authors, however, have published success rates greater than 85%. 10, 12, 28, 40, 61 This reflects the strategy of patient selection. To date, there is no reliable test available to predict the success of the procedure. Therefore, we offer endoscopic procedures to patients with all types of noncommunicating and sometimes even communicating hydrocephalus to avoid placement of a shunt. We agree with Sainte-Rose and Chumas, 65 who identified "[t]he desire to leave a patient shunt free as being a powerful inducement to try the procedure in less than ideal patients." Grant and McLone 29 pointed out that "any patient with hydrocephalus is a candidate for this procedure." Recently, it has been suggested that ETV may also be successful in cases of communicating hydrocephalus. 18, 48, 58 We have performed 21 ETV procedures in patients with communicating hydrocephalus. Until now, nine patients have required shunt placement. The length of follow up, however, does not yet allow for a meaningful evaluation. Our experience with patients younger than 1 year of age is very limited; thus, no recommendations can be given for this age group. Details on our success rates in different subgroups and criteria for patient selection are beyond the scope of this paper.
Avoiding Complications
Before surgery, CT scans or sagittal MR images should be inspected to determine the individual relationship between the BA and the floor of the third ventricle. For the procedure, it is preferable to use rigid rod-lens endoscopes. The brilliant optical quality they provide allows a safe orientation even when CSF is somewhat opaque due to high protein content or blood. The correct placement of the fenestration in the floor of the third ventricle is of utmost importance for avoiding vascular and neural damage. In general, the perforation of the floor should be made halfway between the infundibular recess and the mammillary bodies in the midline. If this is done, the perforation is usually located just behind the dorsum sellae and neurovascular complications are unlikely to occur. Of course, individual anatomical variations must be considered. The floor should be perforated bluntly by using a rigid instrument to prevent slipping to the side. If the floor is tough, we prefer to use a bipolar cautery rod set at low energy (maximum 10 W) to achieve the initial perforation. Other energy sources, such as laser and monopolar diathermy tools, should be avoided. The initial perforation is enlarged by inflation of the balloon of a No. 3 French Fogarty catheter. The balloon should be prefilled with water, instead of air, to avoid a pop-up effect and to achieve continuous inflation. The interpeduncular and pontine cisterns should be inspected to rule out any arachnoid membranes that might interfere with CSF circulation. The Liliequist membrane should also be fenestrated.
Conclusions
Shunt placement for treatment of hydrocephalus has not met expectations, despite continual development of new valve designs. Approximately 33% of shunts fail within 1 year of their insertion, 50% within 2 years, and 70% within 10 years. 16, 20, 54, 66, 67 It does not matter which shunt is used. Recently, an open shunt without a valve was reported to provide similar and even better results compared with those associated with other technically more complex valve designs. 75 The surgical risk of ETV is obviously higher than insertion of a shunt; in the long term, however, the complication rate of ETV is clearly lower. Therefore, we consider ETV to be the procedure of choice for the treatment of any noncommunicating hydrocephalus. If performed correctly, ETV is a safe, simple, and effective treatment option. Because severe complications may occur, however, intensive training on cadavers is strongly recommended before clinical application of the technique.
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